the standardized mean difference effect size (Hedges's g). All results were pooled using random-effects models. Results Of the 340 non-duplicate citations screened, 19 articles comprising 26 treatment comparisons and 6168 individuals (treatment n = 3160; comparators n = 3008 with duplicates removed) met the inclusion criteria for the systematic review. Thirteen treatment comparisons were available for the meta-analysis. Across all PCS analyses, small, statistically significant improvements were observed (opioid versus opioid only: g = 0.27, 95% CI 0.05-0.50, opioid versus placebo only: g = 0.18, 95% CI 0.08-0.28, and all studies combined: g = 0.22, 95% CI 0.11-0.32). There were small but not statistically significant changes on the MCS scores. Overall, high heterogeneity was present. Conclusions PCS scores improve with no change in MCS scores. However, long-term opioid trials are rare and only two trials included lasted longer than 1 year.
burden relating to lost productivity [6] . An effective treatment is needed to alleviate the impact of chronic pain. Opioids are very effective in treating moderate to severe pain in the short term by reducing the pain signals reaching the brain [7] and are a generally accepted treatment for cancer-related pain [6, 8] . However, there is a lack of evidence supporting the effectiveness of opioids in treating non-cancer chronic pain [8, 9] . Despite this lack of support, in 2012, there were 259 million prescriptions written for opioid analgesics in the United States [10] , and it was estimated that between 5 and 8 million Americans used opioids to treat chronic pain. Total prescribing increased by nearly 50% over the decade, and as the number of prescriptions for opioids has skyrocketed, prescription opioid misuse and abuse have increased in parallel [11] .
Treating chronic pain from a prescriber's perspective can be a complicated endeavor. Some physicians have reported erring on the side of over-treating with opioid therapy, at least in the short term, because pain can impede therapeutic success in other areas [12] . Primary care providers have been issued special guidelines to emphasize appropriate opioid prescribing for patients with chronic pain [8] . However, the trends of over-prescribing should not mask the benefits that opioids can have for patients with chronic pain [13] . A nuanced approach is needed to balance effective pain management and reduction in harms from long-term opioid therapy.
One way to potentially curb inappropriate use of opioids is improved monitoring practices in patients receiving long-term opioid therapy. An appropriate monitoring strategy will regularly assess the patients' Health-related quality of life (HRQoL). Health-related quality of life focuses on aspects of life that can affect either physical or mental health [14] . It is important to monitor HRQoL so that patients can be compared across disease states, disciplines, and medical services [14] . The Medical Outcome Study Short Form-36 (SF-36), shorter versions including the SF-12 and SF-8, and disease-specific instruments have been used to measure HRQoL in patients using opioids. The SF-36 is a commonly used instrument that has been highly rated in terms of its conceptual and measurement model, reliability, validity, and administrative burden [15] .
Healthcare providers use a wide range of information of varying methodological quality to make clinical decisions [16] . A systematic review uses a structured process to compile and appraise research on a particular area or disease so that results can be compared across studies [17] . By performing a meta-analysis in addition to the systematic review, one pooled effect size can be estimated by combining and weighting all included studies' effect sizes [17] . Pooled results from high-quality meta-analyses can provide information that is more easily interpreted by clinicians, patients, researchers, and policy makers [18] .
To the best of the authors' knowledge, there have been three previous systematic reviews with and without metaanalysis on HRQoL in opioid users [19] [20] [21] . The first was a systematic review limited to a specific group of opioid users, namely, patients with opioid dependence, a unique subgroup of all opioid users that needs to be evaluated separately [19] . A second systematic review that included a meta-analysis was limited to the effects of opioids on breathlessness in patients with chronic-obstructive pulmonary disease (COPD) [20] . While it proposed to assess HRQoL, no outcomes derived from commonly used instruments for the assessment of HRQoL were included [20] . The third systematic review, limited to comparing a desired intervention (tapentadol) to one comparator (oxycodone/ naloxone), did not assess HRQoL [21] . Given the lack of consolidated evidence regarding the effects of long-term opioid use on HRQoL, the objective of this study was to conduct a systematic review with meta-analysis to determine the effects of long-term opioid use on HRQoL based on Physical Component Summary (PCS) scores and Mental Component Summary (MCS) scores in adults with chronic pain and no opioid use disorder.
Methods

Overview
This study followed the general guidelines of the Preferred reporting items for systematic reviews and meta-analysis (PRISMA) of health care interventions [22] .
Study eligibility
The a priori inclusion criteria for this systematic review with meta-analysis was as follows: (1) randomized controlled trial with the unit of analysis being the treatment arm, (2) at least one opioid intervention group, (3) minimum of 4-week duration of opioid use, (4) comparative control group, (5) adults 18 years of age and older that do not have a dominant disease state (chronic kidney disease, HIV/AIDs, or cancer), and (6) studies indexed in any language before April 1, 2016. The decision was made to include randomized controlled trials only because HRQoL can be very disease dependent. Thus, randomization is probably the only way to effectively account for this variation. Chronic pain was defined as beyond the time of normal tissue healing or 3 months, a time during which opioid therapy is recommended. Long-term opioid therapy was classified as at least 4 weeks of use for study inclusion. This relatively short time frame was chosen in order to include more studies since so few RCTs lasted longer than 3 months (see Table 1 ). Opioid use included opioid agonists Chronic low back pain; tram (n = 163, age 57.5 y ± 11.5, 64% female); plac (n = 163, 57.5 y ± 13.6, 61% female)
SF-36; PCS and MCS reported
Rauck [38] 2007 USA Opioid versus opioid: morphine ER versus oxycodone CR for 16 weeks Chronic low back pain; mor (n = 43, age and % female not specified); oxy (n = 54, age and % female not specified) SF-12; PCS and MCS both reported as "no significant differences"
Ruoff [39] 2003 Multisite-USA Opioid versus placebo: tramadol/APAP versus placebo scheduled for 13 weeks
Chronic low back pain; tram (n = 161, age 53.6 y ± 11.9, 67% female); plac (n = 157, 54.1 y ± 12, 59% female)
Ueberall [40] 2016 Germany Opioid versus opioid: morphine IR versus oxycodone/naloxone for 12 weeks Opioid versus opioid: oxycodone IR versus oxycodone/naloxone for 12 weeks Chronic low back pain; mor (n = 300, age 46.5 y ± 9.3, 56% female); oxy (n = 300, 46.7 y ± 9.9, 55% female); oxy/nal (n = 301, 46.1 y ± 9.9, 56% female) SF-12; PCS reported as having "significantly greater achievements" and MCS reported as "significantly better"
Watson [41] 2003 Canada Opioid versus placebo: oxycodone CR versus benztropine (active, non-opioid placebo) cross-over scheduled for 4 weeks Diabetic-related nerve pain; both(n = 36, age 63 y ± 9.4, 47% female)
Yarlas [42] 2013 Multisite Opioid versus placebo: buprenorphine BTDS versus placebo for 12 weeks Chronic low back pain; BTDS (n = 170, age and % female not specified); plac (n = 199, age and % female not specified) SF-36v2; PCS was significant in bar chart with no values reported and MCS was not significant in bar chart with no values reported 1 3
as well as buprenorphine (an opioid partial agonist) when they were being used to treat chronic pain in patients that did not have opioid use disorder or similar diagnosis. While studies were not limited to full articles, there had to be enough information available to assess treatment, comparator, length of follow-up, and HRQoL assessment outcome.
Data sources
Studies were retrieved using the following three electronic databases: (1) PubMed (MEDLINE), (2) Scopus, and (3) PsycINFO. All electronic searches were performed by the first and second authors (DT and RG). While the specific search strategies varied by database slightly, the following is an example that was used for PubMed (MEDLINE):
( The Number Needed to Read (NNR) was calculated as the inverse of the included studies divided by the total number of non-duplicate citations. All studies were stored in EndNote X7 ( © Thomson Reuters) and then exported to Microsoft Excel (2013) for exclusion criteria to be applied.
Study selection
Studies were selected by the first and second authors independently (DT and RG). Multiple publication bias was handled by excluding additional studies that analyzed the same patient pool. If two studies compared the same patients, the manuscript that had the most complete results on the primary outcome (HRQoL measures) was used. If an individual study included three or more groups (at least two of which used opioid medications) the control group was used as the comparator for the treatment arms. All included studies, excluded studies, and reasons for exclusion were stored in Microsoft Excel (2013).
Data abstraction
Prior to abstraction, a codebook was created that could contain 49 variables per study. The codebook was piloted and refined after discussions with the fourth author (GK). The main data categories included the following: (1) study information, (2) participant information, (3) treatment and comparator information, (4) primary outcomes (HRQoL measures), and (5) funding information. All studies were coded independently by the first and second authors (DT and RG). The third author (ND) arbitrated all disagreements. Health-related quality of life measures were included if there was enough information available to calculate an effect size and 95% confidence interval. The effect size used for this meta-analysis was the standardized mean difference (Hedge's g) [43] .
Risk of bias assessment
The Cochrane Risk of Bias instrument was used to assess bias in six domains: (1) random sequence generation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of outcome assessors, (5) incomplete outcome data, and (6) selective reporting. Each study was classified as having a high, low, or unclear risk of bias. Assessment for blinding of outcome assessors was for the HRQoL assessment only since it was the primary outcome for this meta-analysis. Based on previous research, no study was excluded because it was classified as having a "high" risk of bias [44] . All assessments were performed by the first and second authors (DT and RG).
Statistical analysis
Effect sizes were calculated for primary outcomes (HRQoL) for each study where information was available. The effect size used was the Hedge's g standardized mean difference [43] , and these were recorded in the code book. If a mean difference was not available, the Campbell Collaboration's Practical Meta-Analysis Effects Size Calculator was used to convert available statistics to g [45] . An aggregate level meta-analysis was performed using MetaXL [46] . Pooled estimates for outcomes were calculated using random-effects modeling [47] and heterogeneity as well as inconsistency of results between studies was estimated using the Q statistic and I 2 . Inconsistency for I 2 was categorized as low (25%), moderate (50%), and high (75%) [48] , while the magnitude of effect sizes were interpreted as very small (0.01), small (0.2), medium (0.5), large (0.8), very large (1.2), and huge (2.0) [49] . Small study effects were examined qualitatively using a funnel plot. Sensitivity analysis was performed by iteratively excluding one study at a time to see how the overall effect size changed. To aid practical application, the number-needed-to treat (NNT) [50] and Cohen's U 3 index for percentile improvement [51] were calculated for those overall findings reported as statistically significant. For NNT, the method of Kraemer and Kupfer [50] was used versus a method based on control group risk given the lack of consensus regarding an appropriate control group risk for opioids and HRQoL. For Cohen's U 3 index [51] , a SMD of 0.30, for example, suggests that the 1 3 opioid group would be at approximately the 62nd percentile with respect to improving their HRQoL. This would equate to being approximately 12 percentiles higher than control group participants.
Results
Study characteristics
A description of the study characteristics is shown in Table 1 . There were 340 non-duplicate citations screened after 145 duplicates were removed. A total of 321 citations were removed after applying the inclusion and exclusion criteria. There were 305 removed after screening the title and abstract only, and then an additional 16 removed after reviewing the full text. A final list of 19 studies were included in the systematic review [23] [24] [25] [26] [27] [28] [29] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . One study identified using the search strategy [29] referenced a separate study [30] which was used for partial data abstraction despite not being identified via the search strategy. The NNR was 18. Eight citations contributed 13 sets of effect sizes for the meta-analysis [23, 24, 27, 29, 34, 36, 37, 39] . A flow chart showing each step of this process is shown in Fig. 1 . The broad reasons for exclusion were as follows: (1) wrong population (n = 129), (opioid dependent/opioid use disorder, etc.), (2) inappropriate intervention (n = 135), [no group on opioids (n = 110), acute use (n = 17), etc.], (3) incorrect study design (n = 50), (non-randomized controlled trial, etc.), or (4) other (n = 7), (same participants as another citation, etc.). The full list of excluded studies is shown in Supplementary file (Excel sheet 2). The number of opioid treatment groups analyzed in the meta-analysis (n = 13) was greater than the number of studies included (8) because one study included more than one opioid treatment group. The number of unique participants varied widely within the treatment [n = 3160, mean (SD) = 126. 4 
Risk of bias assessment
All 19 studies included in the systematic review were evaluated for risk of bias using the Cochrane Risk of Bias assessment tool. 7 of the 19 studies were classified as having low risk of bias [25, 28, 32, 34, 36, 37, 39] , and 12 were classified as having high risk of bias overall [23, 24, 26, 27, 29, 31, 33, 35, 38, [40] [41] [42] . The most common reason for a study to be classified as having a high risk of bias was not blinding participants and or personnel (open-label study). The sensitivity analysis where each study was iteratively left of the model did not affect the significance (or lack thereof) for any of the four models. The study with the biggest outlier effect size for MCS [29, 41] , had high risk of bias, included the only treatment arm to have transdermal fentanyl, and was the longest duration of all included studies at 56 weeks. Even if this study was removed, the overall effect significance did not change. Risk of bias assessment results are summarized in Table 2 with notes and funding sources found in the Supplementary Files [ Table 1 ].
Quantitative synthesis (meta-analysis)
A total of six random-effects models were used to analyze both PCS and MCS scores for (1) opioid treatment group versus opioid control group, (2) opioid treatment group versus placebo control group, and (3) the combination of all treatment groups versus control groups for all eligible studies. Across all three PCS analyses, small [49] and statistically significant improvements were observed (opioid versus opioid studies only: g = 0.27, 95% CI 0.05-0.50, opioid versus placebo studies only: g = 0.18, 95% CI 0.08-0.28, and all studies combined: g = 0.22, 95% CI 0.11-0.32). The NNT for each of these effect sizes were 7, 10, and 9, respectively [50] . Using Cohen's U 3 index, the percentile improvement was 10.6, 7.1, and 8.7, respectively [51] . There were small [49] and not statistically significant changes in the MCS score for the three analyses. The other results for the randomeffects models (standardized mean difference effect size, pooled effect size, 95% confidence intervals, weights, I
2 , Cochran's Q, and Tau-squared) are reported in Table 3 .
Forest plots and funnel plots for the two models that included all eligible studies are shown in Figs. 2, 3, 4 , 5. Three studies which compared opioids versus placebo (eight treatment comparisons) had both PCS and MCS reported [23, 37, 39] . The PCS and MCS in studies that compared opioid versus placebo were assessed using separate random-effects models, and the results are also shown in Table 3 . The forest plots for these two models are shown in Figs. 6 and 7. As can be seen, the randomeffects models for PCS scores, comparing treatment versus control groups in all eligible studies and opioid versus placebo studies only, were statistically significant (95% confidence interval did not cross zero), while the two for MCS scores were not. Overall, there was moderate to high inconsistency [48] as well as high heterogeneity throughout the included studies. [24] 2015 Unclear High High Unclear Low High High Bennett [25] 2005 Unclear Low Low Low Low Low Low Binsfeld [26] 2010 Unclear High High Unclear Low High High Gajria [27] 2008 Low High High Unclear High Low High Gordon [28] 2010 Low Low Low Low Low Low Low Kalso [29, 30] [31] 2009 Low High High High Low High High Khoromi [32] 2007 Low Low Low Unclear Low Low Low Ma [33] 2008 Unclear Unclear Unclear Unclear High Low High Miller [34] 2013 Unclear Low Low Unclear High Unclear Low Nicholson [35] 2006 Low High High Unclear Low High High Pedersen [36] 2014 Low Low Low Low Low Low Low Peloso [37] 2004 Low Low Low Low Low Low Low Rauck [38] 2007 Low High High High High High High Ruoff [39] 2003 Low Low Low Low Low Low Low Ueberall [40] 2016 Low High High Low High High High Watson [41] 2003 Low Low Low Low High Low High Yarlas [42] 2013 Unclear Low High Unclear Low Low High 
Discussion
The current systematic review with meta-analysis found that only the PCS findings were consistent with the current literature [8, 9] . Based on our findings, treating pain with opioids of any kind should improve HRQoL with respect to pain and physical functioning. When all ten eligible studies that measured PCS were combined, there was a significant difference between treatment and comparator groups. There were eight studies which assessed the MCS component of the SF-36. When combined, there was no statistically significant difference between groups. One possible reason for this may be related to the diversity of treatments. The PCS and MCS were both assessed in three studies (eight treatment comparisons) which compared an opioid with placebo. PCS was significantly improved for treatment groups compared to placebo. There are implications for research to be drawn from this study. This systematic review and meta-analysis highlights the brevity of randomized controlled trials for opioids designed and marketed to be used long term as well as the limited outcome reporting when it comes to HRQoL measures. The mean duration of trials included in the systematic review was only 15.3 weeks. Also, HRQoL is deemed to be an important component of patient care, so the way it is measured and reported should be improved in future randomized clinical trials. Along those lines, the standardization of reporting for HRQoL would greatly aid comparison across studies. This standardization would mean deciding on one generic or one disease-specific instrument to measure HRQoL and also how the results are reported. Most of the eligible studies which could not be included in all PCS or MCS models were excluded because they did not report specifics about the HRQoL measures. Two studies [28, 34] reported only that "no significant differences" existed. Both were funded by Purdue Pharmaceuticals. Very few studies compared opioids and/or reported any component of HRQoL completely. This is troubling since it is difficult to interpret one component score of a generic HRQoL tool in a vacuum. Regardless, there is a tendency for authors to submit, and editors to publish, studies that yield statistically significant results.
In addition to implications for research, there were also implications for practice which could be elucidated from this study. For example, comparing opioids head-to-head is difficult. This was exacerbated by the reporting of HRQoL measures being worse in opioid versus opioid trials than in the opioid versus placebo trials. The latter offer minimal clinical benefit. Health-related quality of life measures can be used in the context of an individual patient's care and to direct therapy changes. For future research, changes in There were both strengths and limitations in this study. First, to the best of the author's knowledge, this is the first systematic review with meta-analysis to determine the effects of long-term opioid use on the PCS score and MCS scores of a HRQoL instrument in adults with long-term opioid therapy and no opioid use disorder. This is important given the need to examine HRQoL in patients using opioids for chronic pain. Second, and as previously mentioned, this study provides important implications for both practice and research. Third, the pooling of findings from different studies increased statistical power for the investigative team's primary endpoint, HRQoL.
In addition to strengths, there were also potential limitations. First, there appears to be a paucity of long-term opioid trials as judged by the fact that only two included trials lasted longer than one year. As a result, long-term opioid therapy could not be assessed to any great degree. We limited our studies to randomized controlled trials because they are the only way to control for unidentified confounders as well as the fact that non-randomized controlled trials tend to overestimate effects in healthcare interventions [53, 54] . However, this most likely resulted in a shorter followup time, a potential limitation of the current study. Given the former, future meta-analytic research on this topic may want to focus on observational studies. Second, HRQoL can be affected by the underlying disease state and the pain experienced by the patient. Third, while it was more feasible to analyze PCS and MCS in opioid versus placebo trials, these are of limited clinical value. Finally, inherent in any aggregate data meta-analysis is the potential for ecological fallacy.
Conclusion
PCS scores improved with no change in MCS score. However, a need exists for long-term trials that examine changes in HRQoL among long-term opioid users since the use of these medications can impact other aspects of a patient's life and their comorbid conditions.
